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(54) TTL FINDER OPTICAL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain high finder 
magnification at low cost even when the focal distance 
of a photographing optical system functioning as an 
objective lens is short and an image inversion system 
exists in the optical path of a finder ocular optical 
system between a real image forming surface and a pupil 
surface. 

SOLUTION: In the finder ocular optical system G2; a 
principal point position is thrusted forward by arranging a 
positive lens group F1 — » a negative lens group F2 in 
this order from an image surface side to the pupil 
surface in order to make the real length of the optical 
path long. The positive lens group F1 is constituted by 
using a thick positive meniscus lens L10 and a convex 
lens L1 1, a principal point interval is extended, and the 
entire length of the lens is made longer without changing 
the focal distance of the entire optical system. The 1 st 
surface on an object side of the lens L10 near the real 
image surface of the positive lens group F1 is made 

concave to the object side. The negative lens group F2 is constituted of two lenses, that is, a 
positive meniscus lens L12 and a negative meniscus lens L13. By moving the lens L13 in an 
optical axis direction, the diopter of a finder is corrected. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the TTL finder optical system which carries out direct observation of the real 
image which carried out image formation with photography optical system. The finder eyepiece 
optical system arranged between the real-image image formation sides and pupil surfaces by the 
aforementioned photography optical system It constitutes from the positive-lens group and 
negative-lens group which consist of one or more lenses, respectively. TTL finder optical system 
characterized by constituting from a lens which has the lens side of concave for the lens near 
[ by the aforementioned photography optical system of the one or more lenses which constitute 
the aforementioned positive-lens group ] the real-image image formation side in a body side. 
[Claim 2] The positive-lens group of finder eyepiece optical system is TTL finder optical system 
according to claim 1 characterized by including the lens which formed the 1st [ at least ] page in 
the aspheric surface. 

[Claim 3] TTL finder optical system according to claim 1 or 2 characterized by constituting the 
negative-lens group of finder eyepiece optical system only from a negative lens of one sheet. 
[Claim 4] The negative-lens group of finder eyepiece optical system is TTL finder optical system 
given in any 1 term of the claims 1-3 characterized by including the negative lens which formed 
the 1st [ at least ] page in the aspheric surface. 

[Claim 5] The negative-lens group of finder eyepiece optical system is TTL finder optical system 
given in any 1 term of the claims 1-4 characterized by including at least one lens which is moved 
in the direction of an optical axis and amends a finder diopter. 

[Claim 6] The 1st group optical system with which photography optical system has negative 
refractive power one by one toward an image side from a body side, While forming drawing which 
arranges the 3rd group optical system which has the 2nd group optical system and the positive 
refractive power which have positive refractive power, and moves to the body side of the above- 
mentioned 2nd group optical system at the 2nd group optical system and one at the time of 
zooming By the 1st group optical system's moving an optical-axis top to an image side first, and 
reversing the move direction to a body side on the way on the occasion of zooming from a wide 
angle edge to a tele edge an image side — the convex arc of a convex — moving — change of a 
focal position — amending — the 2nd group optical system — an optical-axis top — a body side 
— monotonous — moving — variable power — carrying out — the [ and ] — 3 group optical 
system By moving an optical-axis top to a body side first, and reversing the move direction to an 
image side on the way It moves to the convex arc of a convex and variable power is performed 
to a body side, the focal distance of the Mth group optical system (M=1-3) fM, It is bfW about 
the distance of the last lens side of the 3rd group optical system and the image surface in a wide 
angle edge. These are condition: (1) when carrying out. 2.4<|f1 |/fW <2.6 (f1 <0) [ in / fW and a 
wide angle edge / for the synthetic focal distance of the whole system ] 

(2) f3 /fW <6.8 (f3 >0) 

(3) 0.37<f2 /f3 <0.41 (f2 >0,f3 >0) 

(4) 1.75<bfW / fW TTL finder optical system given in any 1 term of the claims 1-5 characterized 
by including the zoom optical system to satisfy. 
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* NOTICES * 

Japan Pat nt Office is n t responsible for any 
damages caus d by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to improvement of the 
finder optical system used for cameras, such as for example, a lens shutter camera, a video 
camera, and a digital camera, and relates to the suitable TTL finder optical system for the TTL 
finder system of the TTL (Throughthe Taking Lens) method which observes the photographic 
subject real image by which image formation is especially carried out with photography optical 
system with finder eyepiece optical system. 
[0002] 

[Description of the Prior Art] In recent years, it is called a digital camera etc., a photographic 
subject image is picturized by solid state image pickup devices, such as for example, a CCD 
(charge-coupled device) image pck-up element, the image data of a photographic subject's static 
image (steel picture) or a dynamic image (movie picture) is obtained, and the camera of the type 
recorded on IC (integrated circuit) card or a video floppy disk in digital one is spreading quickly. 
In this case, generally the PC card which is an IC card according to PCMCIA (Personal 
Computer Memory Card International Association-C memory card international association) 
specification as an IC card is used. 

[0003] There are a comparatively large-sized thing which incorporated the component part of a 
digital camera on the basis of the body and optical system of a single lens reflex camera (one 
eye reflex camera) of the ordinary camera which uses a silver salt film, i.e., a silver salt camera, 
and a comparatively small thing equivalent to the compact camera of the range finder-lens 
shutter formula in a silver salt camera in this kind of digital camera. Also in the compact cameras 
and one eye reflex cameras which, on the other hand, use for example, ordinary 35mm silver salt 
film, such as the so-called 35mm lens shutter camera, the improvement in a performance is 
remarkable. For example, also equipping a compact camera with the taking lens of a focal 
distance adjustable method like a zoom lens, or expanding the variable power ratio (zoom ratio) 
further is performed. 

[0004] By the way, image formation of a photographic subject's real image is carried out with 
object optical system among the finder systems used for various cameras, and the real-image 
formula finder system which presents observation of a user with this real image through 
eyepiece optical system is suitable for constituting the TTL finder optical system of the TTL 
method which uses photography optical system as object optical system. Photography optical 
system is because it is the lens system which forms a real image in the light-receiving side and 
film plane of the solid state image pickup device which used a photographic subject's real image 
for CCD etc. from the first. Such TTL finder optical system is suitable for the finder system of a 
digital camera or a video camera from the ability to observe a finder image equivalent to an 
actual photography image, and control a diopter comparatively easily. 

[0005] A conventional example of a real-image formula finder system is shown in JP,5~341 1 87,A. 
The real-image formula finder shown in this JP,5-341 187.A It has the objective lens and ocular 
which both have positive refractive power, "the above-mentioned objective lens The 1st group 
which has positive refractive power in order from a body side, the 2nd group with negative 
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refractive power, Come to allot the 3rd group with positive refractive power, and the 4th group 
with positive refractive power, and image formation of the real image is carried out between the 
4th group of the above, and the above-mentioned ocular with the above-mentioned objective 
lens, being constituted so that the above-mentioned real image may be observed through an 
ocular, increasing a scale factor by moving the 2nd group of the above to an eyepiece side from 
a body side, and moving the 4th group for the diopter change accompanying this increase in a 
scale factor — an amendment — it is" real-image formula variable power finder made like 
[0006] It is shown in above-mentioned JP.5-341 187,A that the image reversal system and ocular 
using prism for making an erect image reverse an observation image from the real-image image 
formation side of the photographic subject by the objective lens of a real-image formula variable 
power finder before a pupil surface are arranged. In this case, a lens system with positive 
refractive power is constituted, and, as for the image reversal system, the ocular also has 
positive refractive power. 
[0007] 

[Problem(s) to be Solved by the Invention] Generally in a finder system, it is desirable to obtain 
an always high finder scale factor, i.e., the finder scale factor enough near "1." However, when 
the optical system between the real-image image formation sides of a real-image formula 
variable power finder and pupil surfaces which were shown in JP,5-341 187,A mentioned above is 
used, TTL finder optical system is constituted and it combines with an objective lens with a 
short focal distance, a finder scale factor high enough cannot be obtained. TTL finder optical 
system consists of photography optical system and finder eyepiece optical system. 
[0008] That is, what it functions on as an objective lens among TTL finder optical system is 
photography optical system, and the optical system from the real-image image formation side by 
this photography optical system to a pupil surface is called "finder eyepiece optical system" 
here. In TTL finder optical system, in order to realize a high finder scale factor in combination 
with the short photography optical system of a focal distance, it is necessary to also shorten the 
focal distance of finder eyepiece optical system. Since it is contradictory to one side, on the 
other hand demand of having to lengthen the true length of finder eyepiece optical system, and 
shortening the focal distance described previously for suitable image reversal, the device on a 
design is required. 

[0009] Then, this invention person is TTL finder optical system which carries out direct 
observation of the real image which carried out image formation with photography optical system 
as Japanese Patent Application No. No. 137577 [ nine to ] previously. The finder eyepiece 
optical system arranged between the real-image image formation sides and pupil surfaces by the 
aforementioned photography optical system The TTL finder optical system which constitutes the 
lens near [ by the aforementioned photography optical system of the lenses which consist of a 
positive-lens group and a negative-lens group, and constitute the aforementioned positive-lens 
group ] the real-image image formation side from a negative lens was proposed. 
[0010] This TTL finder optical system can obtain a high finder scale factor, even if the focal 
distance of the photography optical system as an objective lens is short and an image reversal 
system exists in the optical path of the finder eyepiece optical system between a real-image 
image formation side and a pupil surface. However, with the composition of such TTL finder 
optical system, since the lens near [ of the positive-lens groups which constitute the 
aforementioned finder eyepiece optical system / aforementioned ] the real-image image 
formation side is made into a negative lens, the manufacturing cost tends to increase. 
.[001 1] this invention was made in view of the situation mentioned above, and even if the focal 
distance of the photography optical system as an objective lens is short and an image reversal 
system exists in the optical path of the finder eyepiece optical system between a real-image 
image formation side and a pupil surface, it sets it as the purpose of a claim 1 to offer the TTL 
finder optical system which can obtain a high finder scale factor with a low manufacturing cost. 
The purpose of the claim 2 of this invention is to offer the TTL finder optical system which can 
carry out aberration amendment appropriately especially. Especially the purpose of the claim 3 of 
this invention is to offer TTL finder optical system with little aberration with a low manufacturing 
cost. 
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[0012] The purpose of the claim 4 of this invention is to offer the TTL finder optical system 
which can realize much more good aberration amendment. 

[0013] The purpose of the claim 5 of this invention is to offer the TTL finder optical system 
which can amend a finder diopter appropriately with easy composition especially. Especially the 
purpose of the claim 6 of this invention is to offer the TTL finder optical system which can fully 
separate an exit-pupil position from the image surface, can secure a back focus long enough as 
photography optical system, and can secure a high finder scale factor even if it is bright at a high 
field angle and moreover uses the optical system of a big variable power ratio. 
[0014] 

[Means for Solving the Problem] The TTL finder optical system concerning this invention 
indicated to the claim 1 In order to attain the purpose mentioned above, it is the TTL finder 
optical system which carries out direct observation of the real image which carried out image 
formation with photography optical system. The finder eyepiece optical system arranged between 
the real-image image formation sides and pupil surfaces by the aforementioned photography 
optical system It is characterized by constituting from a lens which has the lens side of concave 
for the lens near [ by the aforementioned photography optical system of the one or more lenses 
which consist of the positive-lens groups and negative-lens groups which consist of one or more 
lenses, respectively, and constitute the aforementioned positive-lens group ] the real-image 
image formation side in a body side. 

[0015] TTL finder optical system concerning this invention indicated to the claim 2 is 
characterized by the positive-lens group of finder eyepiece optical system containing the lens 
which formed the 1st [ at least ] page in the aspheric surface. TTL finder optical system 
concerning this invention indicated to the claim 3 is characterized by constituting the negative- 
lens group of finder eyepiece optical system only from a negative lens of one sheet. TTL finder 
optical system concerning this invention indicated to the claim 4 is characterized by the 
negative-lens group of finder eyepiece optical system containing the negative lens which formed 
the 1st [ at least ] page in the aspheric surface. TTL finder optical system concerning this 
invention indicated to the claim 5 is characterized by including at least one lens with which the 
negative-lens group of finder eyepiece optical system makes it move in the direction of an 
optical axis, and amends a finder diopter. 

[0016] The TTL finder optical system concerning this invention indicated to the claim 6 The 1st 
group optical system with which photography optical system has negative refractive power one 
by one toward an image side from a body side, While forming drawing which arranges the 3rd 
group optical system which has the 2nd group optical system and the positive refractive power 
which have positive refractive power, and moves to the body side of the above-mentioned 2nd 
group optical system at the 2nd group optical system and one at the time of zooming By the 1st 
group optical system's moving an optical-axis top to an image side first, and reversing the move 
direction to a body side on the way on the occasion of zooming from a wide angle edge to a tele 
edge an image side — the convex arc of a convex — moving — change of a focal position — 
amending — the 2nd group optical system — an optical-axis top — a body side — monotonous 
— moving — variable power — carrying out — the [ and ] — 3 group optical system By moving 
an optical-axis top to a body side first, and reversing the move direction to an image side on the 
way It moves to the convex arc of a convex and variable power is performed to a body side, the 
focal distance of the Mth group optical system (M=1-3) fM, It is bfW about the distance of the 
last lens side of the 3rd group optical system and the image surface in a wide angle edge. These 
are condition: (1) when carrying out. 2.4<|f1 |/fW <2.6 (f1 <0) [ in / fW and a wide angle edge / 
for the synthetic focal distance of the whole system ] 

(2) f3 /fW <6.8 (f3 >0) 

(3) 0.37<f2 /f3 <0.41 (f2 >0,f3 >0) 

(4) 1.75<bfW / fW It is characterized by including the zoom optical system to satisfy. 
[0017] 

[Function] Namely, the TTL finder optical system by the claim 1 of this invention In the TTL 
finder optical system which carries out direct observation of the real image which carried out 
image formation with photography optical system The finder eyepiece optical system arranged 
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between the real-image image formation sides and pupil surfaces by the aforementioned 
photography optical system The lens near [ by the aforementioned photography optical system 
of the one or more lenses which consist of the positive-lens groups and negative-lens groups 
which consist of one or more lenses, respectively, and constitute the aforementioned positive- 
lens group ] the real-image image formation side consists of lenses which have the lens side of 
concave in a body side. Such composition enables it to obtain a high finder scale factor with a 
low manufacturing cost, even if the focal distance of the photography optical system as an 
objective lens is short and an image reversal system exists in the optical path of the finder 
eyepiece optical system between a real-image image formation side and a pupil surface. 
[0018] The TTL finder optical system by the claim 2 of this invention contains the lens with 
which the positive-lens group of finder eyepiece optical system formed the 1st [ at least ] page 
in the aspheric surface, such composition — especially — suitable — an aberration amendment 
— things become possible The TTL finder optical system by the claim 3 of this invention 
constitutes the negative-lens group of finder eyepiece optical system only from a negative lens 
of one sheet. By such composition, aberration can be especially lessened with a low 
manufacturing cost. 

[0019] The negative-lens group of finder eyepiece optical system considers TTL finder optical 
system by the claim 4 of this invention as the composition containing the negative lens which 
formed the 1 st [ at least ] page in the aspheric surface. Such composition enables it to realize 
much more good aberration amendment. The TTL finder optical system by the claim 5 of this 
invention contains at least one lens with which the negative-lens group of finder eyepiece optical 
system makes it move in the direction of an optical axis, and amends a finder diopter, such 
composition — especially easy composition — suitable — a finder diopter — an amendment — 
things are made 

[0020] The TTL finder optical system by the claim 6 of this invention The 1st group optical 
system with which photography optical system has negative refractive power one by one toward 
an image side from a body side, While forming drawing which arranges the 3rd group optical 
system which has the 2nd group optical system and the positive refractive power which have 
positive refractive power, and moves to the body side of the above-mentioned 2nd group optical 
system at the 2nd group optical system and one at the time of zooming By the 1st group optical 
system's moving an optical-axis top to an image side first, and reversing the move direction to a 
body side on the way on the occasion of zooming from a wide angle edge to a tele edge an image 
side — the convex arc of a convex — moving — change of a focal position — amending — the 
2nd group optical system — an optical-axis top — a body side — monotonous — moving — 
variable power — carrying out — the [ and ] — 3 group optical system By moving an optical- 
axis top to a body side first, and reversing the move direction to an image side on the way It 
moves to the convex arc of a convex and variable power is performed to a body side, the focal 
distance of the Mth group optical system (M=1-3) fM, It is bfW about the distance of the last 
lens side of the 3rd group optical system and the image surface in a wide angle edge. These are 
condition: (1) when carrying out. 2.4<|f1 |/fW <2.6 (f1 <0) [ in / fW and a wide angle edge / for 
the synthetic focal distance of the whole system ] 

(2) f3 /fW <6.8 (f3 >0) 

(3) 0.37<f2 /f3 <0.41 (f2 >0,f3 >0) 

(4) 1.75<bfW / fW The zoom optical system to satisfy is included. 

[0021] While fully being able to separate an exit-pupil position from the image surface and being 
able to secure a back focus long enough as photography optical system by such composition, 
even if it is bright at a high field angle and uses the optical system of a big variable power ratio, a 
high finder scale factor is securable. 
[0022] 

[Embodiments of the Invention] Hereafter, based on the gestalt of operation, the TTL finder 
optical system of this invention is explained in detail with reference to a drawing. Drawing 1 and 
drawing 2 show the composition of the important section of the TTL finder optical system 
concerning the gestalt of operation of the 1 st of this invention. The optical-system plot plan in 
which drawing 1 shows the composition of TTL finder optical system typically, and drawing 2 are 
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the perspective diagrams showing typically the composition at the time of building the TTL finder 
optical system of drawing 1 into a camera. 

[0023] Signs omega, R, D, and Nd and nud which are used in the following explanation — half 
omega: — radius-of-curvature D: of a field angle Roptical surface — the Abbe number of the 
optical material of a refractive-index nud:lens of the optical material of a spacing Nd:lens with 
the following optical surface (a pupil surface side is adjoined) shall be expressed, respectively 
[0024] With the gestalt of this operation, securing a high finder scale factor combining the short 
photography optical system of a focal distance, in order to bend and draw a beam of light, the 
finder eyepiece optical system by this invention which has the true length of sufficient optical 
path is shown. The TTL finder optical system of the gestalt of this operation consists of this 
finder eyepiece optical system and aforementioned photography optical system. The TTL finder 
optical system shown in drawing 1 possesses the photography optical system G1 and the finder 
eyepiece optical system G2. The state when the photography optical system G1 which is a zoom 
lens is set to the short focal side edge section WIDE, i.e., a wide angle edge, is shown in drawing 
1 . 

[0025] The 3rd lens [ whose photography optical system G1 is the 1st lens group T1 and the 2nd 
group optical system which are the 1st group optical system one by one toward a photographic 
subject, i.e., body, side to an image side ] group T3 which it reaches 2nd lens group T2 and is the 
3rd group optical system is arranged. The 1 st lens group T1 has negative refractive power, it 
reaches 2nd lens group T2 and the 3rd lens group T3 has positive refractive power. It extracts 
and S moves in one with the 2nd lens group T2 at the time of zooming which was prepared in the 
body side of the 2nd lens group T2 and to which a focal distance is changed. 

[0026] Zooming from the wide angle edge shown in drawing 1 to a tele edge is faced, the 1st lens 
group T1 By moving an optical-axis top to an image side first, and reversing the move direction 
to a body side on the way, it moves to an image side at the convex arc of a convex, and change 
of a focal position is amended, the 2nd lens group T2 By moving an optical-axis top to a body 
side in monotone, and performing variable power, by moving an optical-axis top to a body side 
first, and reversing the move direction to an image side on the way, the 3rd lens group T3 moves 
to the convex arc of a convex, and performs variable power to a body side. Since drawing S 
moves in one with the 2nd lens group T2 on the occasion of zooming, movement of the 2nd lens 
group T2 is not barred by drawing S. 

[0027] The synthetic focal distance of the whole system [ in / fM and a wide angle edge / for 
the focal distance of the Mth lens group (M=1-3) ] fW, the back focus length in the distance of 
the last lens side and the image surface, i.e., the wide angle edge, of the 3rd lens group in a wide 
angle edge — bfW ** — the time of carrying out — these — each following condition: — 
conditions (1) 2.4<|f1 |/fW <2.6 (f1 <0) Conditions (2) f 3 / fW <6.8 (f3 > 0) and conditions <3) 
0.37<f2/f3 <0.41 (f2 > 0 f 3 >0) And conditions (4) 1.75<bfW / fW It is satisfied. 
[0028] Conditions (1) The whole system is miniaturized and, for an amendment reason, it is the 
focal distance f1 of the 1st lens group T1 good about aberration. It is the conditions which 
regulate the range, and at under a minimum, although the negative refractive power of the 1st 
lens group T1 becomes strong too much and it is advantageous to the miniaturization of the lens 
whole system, since many aberration, such as spherical aberration, gets worse, it is not desirable. 
Moreover, conditions (1) If an upper limit is exceeded, although aberration will become good, it 
becomes difficult to miniaturize the lens whole system. Conditions (2) It is the conditions which 
regulate the positive refractive power of the 3rd lens group T3, and if an upper limit is exceeded, 
the positive refractive power of the 3rd lens group T3 will become inadequate, an exit-pupil 
position will approach the image surface, and tele cent rucksack nature will be lost. 
[0029] conditions (3) the [ the 2nd lens group T2 which both has positive refractive power, and ] 

— the conditions which regulate distribution of the refractive power of 3 lens groups T3 — it is 

— the [ the 2nd lens group T2 and ] — the composition number of sheets of 3 lens groups T3 - 

— few — maintaining — a miniaturization — easy — carrying out — in addition — and they are 
the conditions of an amendment sake good about aberration Conditions (3) Under at a minimum, 
in order for the effect using the 3rd lens group T3 to decrease and to compensate the refractive 
power of the 3rd lens group T3, the refractive power of the 3rd lens group T3 becomes 
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inadequate, the refractive-power burden of the 2nd lens group T2 becomes excessive, spherical 
aberration gets worse and the flat nature of an image also becomes bad. 

[0030] conditions (3) if an upper limit is exceeded, although the refractive-power burden of the 
3rd lens group T3 becomes large, the refractive-power burden of the 2nd lens group T2 will be 
eased, aberration will become good and the flat nature of an image will also become good — the 
[ the negative refractive power of the 1st lens group T1 and ] — it agrees also in the inclination 
for both positive refractive power of 2 lens groups T2 to become weak, and the miniaturization of 
the whole system of optical system becomes difficult Conditions (4) If a minimum is exceeded 
about a back focus, it will become difficult to arrange the optical element used for optical-path 
division or an optical-path change, the 1st lens group T1 consists of three lenses L1, L2, and L3, 
and constitutes the 2nd lens group T2 from five lenses L4, L5, L6, L7, and L8 — having — the 
[ and ] — 3 lens groups T3 consist of one lens L9 

[0031] With the camera photoed by solid state image pickup devices, such as a CCD image 
sensor, behind the 3rd lens group T3, although not illustrated, the cover glass and the filter for 
protecting a solid state image pickup device are arranged, and image formation is carried out in 
the light-receiving side of a solid state image pickup device. A filter may contain the light filter 
further for color separation including an infrared light shading filter and a low pass filter. In order 
to constitute finder optical system, the optical element RM optical-path division of a one-way 
mirror etc. or for an optical-path change (refer to drawing 2 ) is formed in a back [ of the 3rd 
lens group T3 ], i.e., image, side, and the flux of light of the photography optical system G1 is led 
to the finder eyepiece optical system G2 through an optical element RM. Since this optical 
element RM only deflects and draws an optical path, it is unrelated to optical-system 
arrangement, and is not shown in the optical-system plot plan of drawing 1 . 
[0032] The finder eyepiece optical system G2 has the positive-lens group F1 and the negative- 
lens group F2. The positive-lens group F1 and the negative-lens group F2 are arranged toward a 
pupil surface side in order of the positive-lens group F1 and the negative-lens group F2 from an 
image surface side, and constitute the finder eyepiece optical system G2. The positive-lens 
group F1 consisted of positive meniscus lenses (it is, meniscus convex lens or when only calling 
it convex lens) L10 and convex lenses L1 1, and arranges these two lenses L10 and L1 1 in order 
of L10 and L1 1 one by one toward a pupil surface side from the image surface side. The positive 
MENIKASU lens L1 1 with which the lens L10 turned the convex to the image side is a heavy- 
gage convex lens. 

[0033] The lens L10 makes the concave surface the 1st page by the side of a body (the 21st 
page), and, as for the lens L11, makes the aspheric surface both sides (the 23rd page and the 
24th page). The lens L10 just behind an optical element RM turns to a body side the 1st page 
made into the concave surface, and is arranged. The heavy-gage lenses L10 and L11 are 
constituted as prism for bending an optical path and securing the optical path length while 
reversing the sense of an image and considering as an erect normal image. 
[0034] The negative-lens group F2 consisted of two lenses L12, i.e., a positive meniscus lens, 
and a negative meniscus lens (it is, a meniscus concave lens or only when calling it a concave 
lens) L13, and arranges these lenses LI 2 and L13 in order of L12 and L13 one by one toward a 
pupil surface side from the image surface side. A lens L12 is a positive meniscus lens, and a lens 
L13 is a negative meniscus lens. 

[0035] That is, in order to lengthen the true length of the optical path, the finder eyepiece 
optical system G2 has been arranged toward a pupil surface in order of the positive-lens group 
F1 -> negative-lens group F2 from the image surface side, and has extruded the principal point 
position ahead further. Furthermore, by constituting the positive-lens group F1 from two lenses 
L10 and L1 1, and making heavy-gage both [ these ] the lenses L10 and L1 1, a principal point 
interval is extended and the lens overall length is lengthened, without changing the focal distance 
of all optical system. 

[0036] If the beam-of-light height of the positive-lens group F1 is not made high, it becomes 
impossible however, to secure a suitable eye point, since the negative-lens group F2 has been 
arranged to the pupil surface side. On the other hand, the injection flux of light of the 
photography optical system G1 fully separates an exit-pupil position from the image surface, 
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strengthens tele cent rucksack nature, and is made to lessen influence of shading in a CCD 
image sensor etc. or KERARE, a color gap, etc. Then, it was made to lead the flux of light to a 
body side for the 1st page of the lens L10 near [ in the positive-lens group F1 of the finder 
eyepiece optical system G2 ] the real image surface, i.e., the lens side by the side of a body, (the 
21st page) as concave at a desired eye point. 

[0037] For aberration amendment, the negative-lens group F2 was constituted from two lenses, 
the positive meniscus lens L12 and the negative meniscus lens L13, and good aberration 
amendment is attained. Moreover, the large interval of a lens L12 and a lens L13 can be taken, 
and a finder diopter can be amended by moving a lens L13 in the direction of an optical axis (the 
gestalt of this 1st operation corresponds to claims 1, 2, 5, and 6.). Drawing 3 is the optical- 
system plot plan showing typically the composition of the important section of the TTL finder 
optical system concerning the gestalt of operation of the 2nd of this invention. 
[0038] In the TTL finder optical system shown in drawing 3 , the same photography optical 
system G1 as drawing 1 and the finder eyepiece optical system G2 of drawing 1 possess 
different finder eyepiece optical-system G2A a little. The 3rd lens [ whose photography optical 
system G1 is the 1st lens group T1 and the 2nd group optical system which are the 1st group 
optical system one by one toward a photographic subject, i.e., body, side to an image side ] group 
T3 which it reaches 2nd lens group T2 and is the 3rd group optical system is arranged. The 1 st 
lens group T1 has negative refractive power, it reaches 2nd lens group T2 and the 3rd lens group 
T3 has positive refractive power. It extracts and S moves in one with the 2nd lens group T2 at 
the time of zooming which was prepared in the body side of the 2nd lens group T2 and to which 
a focal distance is changed. 

[0039] the 1st lens group T1 consists of three lenses L1, L2, and L3, and constitutes the 2nd 
lens group T2 from five lenses L4, L5, L6, L7, and L8 — having — the [ and ] — 3 lens groups 
T3 consist of one lens L9 The flux of light of the photography optical system G1 injected from 
the 3rd lens group T3 is led to finder eyepiece optical-system G2A. As for the same positive- 
lens group F1 as drawing 1 , and the negative-lens group F2 of drawing 1 , finder eyepiece 
optical-system G2A has different negative-lens group F2A a little. The positive-lens group F1 
and negative-lens group F2A are arranged toward a pupil surface side in order of the positive- 
lens group F1 and negative-lens group F2A from an image surface side, and finder eyepiece 
optical-system G2A is constituted. 

[0040] The positive-lens group F1 consisted of two lenses L10 and L11, and arranges these two 
lenses L10 and L1 1 in order of L10 and L1 1 one by one toward a pupil surface side from the 
image surface side. Lenses L10 and L11 are positive meniscus lenses and heavy-gage convex 
lenses. The lens L10 makes the concave surface the 1st page by the side of a body (the 21st 
page), and, as for the lens L11, makes the aspheric surface both sides (the 23rd page and the 
24th page). Negative-lens group F2A consisted of two lens L12A and L13A, and arranges these 
lens L12A and L13A in order of L12A and L13A one by one toward a pupil surface side from the 
image surface side. 

[0041] Lens L12A is a positive meniscus lens, and lens L13A is a negative meniscus lens. The 
field by the side of the pupil surface of positive meniscus lens L1 2A by the side of a body (the 
26th page) is made into the aspheric surface. The large interval of lens L12A and lens L13A can 
be taken, and a finder diopter can be amended by moving lens L13A in the direction of an optical 
axis. (The gestalt of this 2nd operation corresponds to claims 1, 2, 4, 5, and 6.) Drawing 4 is the 
optical-system plot plan showing typically the composition of the important section of the TTL 
finder optical system concerning the gestalt of operation of the 3rd of this invention. Finder 
eyepiece optical-system G2of photography optical-system [ with the same TTL finder optical 
system shown in drawing 4 / as drawing 1 ] G1 and drawing 3 A possesses a different finder 
eyepiece optical-system G2B a little. The 3rd lens [ whose photography optical system G1 is the 
1st lens group T1 and the 2nd group optical system which are the 1st group optical system one 
by one toward a photographic subject, i.e., body, side to an image side ] group T3 which it 
reaches 2nd lens group T2 and is the 3rd group optical system is arranged. 
[0042] The 1st lens group T1 has negative refractive power, it reaches 2nd lens group T2 and 
the 3rd lens group T3 has positive refractive power. It extracts and S moves in one with the 2nd 
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lens group T2 at the time of zooming which was prepared in the body side of the 2nd lens group 
T2 and to which a focal distance is changed, the 1st lens group T1 consists of three lenses LI, 
L2, and L3, and constitutes the 2nd lens group T2 from five lenses L4, L5 f L6, L7, and L8 — 
having — the [ and ] — 3 lens groups T3 consist of one lens L9 The flux of light of the 
photography optical system G1 injected from the 3rd lens group T3 is led to finder eyepiece 
optical-system G2B. 

[0043] Finder eyepiece optical-system G2B has a different negative-lens group F2B a little from 
different positive-lens group F1A a little from the positive-lens group of drawing 1 , and 
negative-lens group F2A of drawin g 3 . Positive-lens group F1A and negative-lens group F2B are 
arranged toward a pupil surface side in order of positive-lens group F1 A and negative-lens group 
F2B from an image surface side, and finder eyepiece optical-system G2B is constituted. 
Positive-lens group F1A consisted of two lens L10A and L1 1A, and arranges these two lens 
L10A and L11A in order of L10A and L1 1A one by one toward a pupil surface side from the 
image surface side. 

[0044] Lens L10A and L11A are both heavy-gage lenses. Lens L10A is the negative meniscus 
lens which made the 1st page by the side of a body (the 21st page) the concave surface which 
serves as concave at a body side, and lens L11A is the convex lens which made both sides (the 
23rd page and the 24th page) the aspheric surface convex. Negative-lens group F2B consists of 
only one lens (there is negative meniscus lens or case where concave lens is only called) L12B. 
This lens L12B is a negative meniscus lens. A finder diopter can be amended by moving this 
negative meniscus lens L12B in the direction of an optical axis. Since an aspheric lens does not 
move at this time, there is an advantage that change of the aberration when carrying out diopter 
amendment is small, and ends. The gestalt of this 3rd operation corresponds to claims 1, 2, 3, 5, 
and 6. 

[0045] Drawin g 5 is the optical-system plot plan showing typically the composition of the 
important section of the TTL finder optical system concerning the gestalt of operation of the 4th 
of this invention. The photography optical system G1 as drawing 1 with the same TTL finder 
optical system shown in drawing 5 and finder eyepiece optical-system G2B of drawing 4 possess 
different finder eyepiece optical-system G2C a little. The 3rd lens [ whose photography optical 
system G1 is the 1st lens group T1 and the 2nd group optical system which are the 1st group 
optical system one by one toward a photographic subject, i.e., body, side to an image side ] group 
T3 which it reaches 2nd lens group T2 and is the 3rd group optical system is arranged. The 1st 
lens group T1 has negative refractive power, it reaches 2nd lens group T2 and the 3rd lens group 
T3 has positive refractive power. It extracts and S moves in one with the 2nd lens group T2 at 
the time of zooming which was prepared in the body side of the 2nd lens group T2 and to which 
a focal distance is changed. 

[0046] the 1st lens group T1 consists of three lenses LI, L2, and L3, and constitutes the 2nd 
lens group T2 from five lenses L4, L5, L6, L7, and L8 — having — the [ and ] — 3 lens groups 
T3 consist of one lens L9 The flux of light of the photography optical system G1 injected from 
the 3rd lens group T3 is led to finder eyepiece optical-system G2C. As for the same positive- 
lens group F1 A as drawing 4 , and negative-lens group F2B of drawing 4 , finder eyepiece 
optical-system G2C has different negative-lens group F2C a little. Positive-lens group F1A and 
negative-lens group F2C are arranged toward a pupil surface side in order of positive-lens group 
F1A and negative-lens group F2C from an image surface side, and finder eyepiece optical- 
system G2C is constituted. 

[0047] Positive-lens group F1A consisted of two lens L10A and L11A, and arranges these two 
lens L10A and L1 1 A in order of L10A and L1 1 A one by one toward a pupil surface side from the 
image surface side. Lens L10A and L11A are both heavy-gage lenses. Lens L10A is the positive 
meniscus type (it has positive refractive power) lens which made the 1st page by the side of a 
body (the 21st page) the concave surface which serves as concave at a body side, and lens 
L11A is the convex lens which made both sides (the 23rd page and the 24th page) the aspheric 
surface convex. 

[0048] Negative-lens group F2C consists of only negative meniscus lens (it is, meniscus concave 
lens or when only calling it concave lens) L12C of one sheet. This lens L12C makes the aspheric 
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surface the 1st page by the side of the body (the 25th page). A finder diopter can be amended 
by moving this negative meniscus lens L12C in the direction of an optical axis (the gestalt of this 
4th operation corresponds to claims 1, 2, 3 f 4, 5, and 6.). 
[0049] 

[Example] Next, the concrete example of the TTL finder optical system in the gestalt of the 1st 
- the 4th operation by composition which was mentioned above is explained, respectively. The 
lens data in the 1st example which is an example concerning the gestalt of the 1st operation 
shown in drawing 1 are shown in Table 1 - 4. Among these, Table 1 is data of the photography 
optical system G1, and Table 2 is data of the finder eyepiece optical system G2. Table 3 is the 
adjustable range of a variable part, and Table 4 is data of the aspheric surface. 
[0050] 
[Table 1] 



Photography optical system 





R 


D 




N d 


v d 


1 


16. 16100 


2. 37000 




1. 69680 


55. 46 


2 


6. 63300 


2. 39000 








3 


-225. 40400 


0. 80000 




1. 69680 


55. 46 


4 


9. 84600 


1. 88000 








5* 


18. 31600 


1. 20000 




1. 82027 


29. 70 


6 


-85 1. 45500 


nj ^ 








7 


0. 00000 


0. 50000 








8* 


9. 1 8900 


1. 45000 




1. 69350 


53. 20 


9 


66. 74000 


0. 10000 








10 


6. 77000 


1. 34000 




1. 60311 


60.69 


11 


8. 57200 


1, 20000 








12 


23. 78900 


1. 63000 




1. 84666 


23. 78 


13 


5. 96100 


1. 24000 








14 


-68. 28000 


1. 14000 




1. 48749 


70. 44 


15 


-11. 53500 


0. 10000 








16 


9. 69900 


1. 37000 




1. 48749 


70. 44 


17 


100. 23104 










18 


15. 31200 


1. 16000 




1. 48749 


70. 44 


19 


149. 28900 


nj ^ 









[0051] 
[Table 2] 
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Finder eyepiece optical system 
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27 


53. 26700 


1. 00000 




1. 49154 


57. 82 


28 


12.50000 


15. 00000 








29 


0. 00000 











[0052] Having written "0.00000" in Table 1 and 2 means that radius of curvature R is infinity 
(infinity), and it shows that the field concerned is a flat surface. [ radius of curvature R ] 
Therefore, drawing S is a flat surface, moreover, the positive-lens group F1 of the finder 
eyepiece optical system G2 — most — the lens L10 by the side of the real image surface — the 
21st page by the side of the real image surface is most made into concave at the body side In 
Table 1, the spacing with the optical surface (field number) next to the 6th page which made 
Spacing D "adjustable", the 17th page, and the 19th page can be changed in the range of Table 
3 between the wide angle edge WIDE the middle focal distance MEAN - a tele edge TELE, the 
focal distance of the photography optical system G1 shown in Table 3 — the wide angle edge 
WIDE — 5.20mm and the middle focal distance MEAN — 8.80mm and a tele edge TELE — 
14.99mm it is . 
[0053] 
[Table 3] 



Adjustable range 





WIDE 


MEAN 


TELE 


6 


18.14 — 7.76 ~ 1.6 


17 


0.6 ~ 5.31 — 13.63 


19 


9.36 ~- 8.46 — 8. 53 


»fK 3fc ¥ & 

m&mm dom) 


5.20 — 8.80 ~ 14.99 



[0054] the 5th page in Table 1, an octavus side, the 23rd page, and the 24th page — a field 
number — "*" (asterisk) — a sign is attached, it is shown that the field concerned is the 
aspheric surface, and it has the aspheric surface configuration defined by giving the parameter 
shown in Table 4 to the formula of the aspheric surface of a-one number, respectively That is, 
the aspheric surface is used also for both sides of the convex lens L1 1 of the positive-lens 
group F1 of the finder eyepiece optical system G2. 
[0055] 
[Equation 1] 

CY 2 

X= +A 4 Y 4 + A 6 Y 6 +A fi Y 8 + A 1 OY 10 

1+VW1+K)C 2 Y 2 

1 

C= 

R 



[0056] 
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[Table 4] 



m 


K 


A 4 


A 6 


A 8 


A 1 0 


5 


1. 31712 


1. 61687E-04 


-5. 24932E-06 


4. 02803E-07 


-9. 24138E-09 


8 


-0. 73713 


-6. 46089E-06 


-3. 23545E-07 


4. 89215E-08 




23 


0. 


-5. 83671E-05 


-8. 30197E-08 






24 


0. 


-7. 76956E-05 


8. 73413E-07 







[0057] The aberration view in this example is shown in drawing 6 - drawing 8 . In drawing 6 - 
drawing 8 , a dashed line shows sine condition and solid lines C, d, and F show each spectral line 
of C line with a wavelength of 656.28nm, d line with a wavelength of 587.56nm, and an F line with 
a wavelength of 486.1 3nm, respectively. The aberration view in which, as for drawing 6 , 
photography optical system shows [ the half-field angle omega ] each aberration of the spherical 
aberration at the time of being 27.3 degrees, astigmatism, and distortion aberration at the wide 
angle edge WIDE, and drawing 7 The aberration view in which photography optical system shows 
each aberration of spherical aberration in case the halfHleld angle omega is 16.5 degrees with 
the middle focal distance MEAN, astigmatism, and distortion aberration, and drawing 8 
Photography optical system is the aberration view in which the half-field angle omega shows 
each aberration of the spherical aberration at the time of being 9.8 **, astigmatism, and 
distortion aberration in a tele edge TELE. It turns out that aberration is well amended also in any 
of drawing 6 - drawing 8 . 

[0058] Next, the lens data in the 2nd example which is an example concerning the gestalt of the 
2nd operation shown in drawin g 3 are shown in Table 5-8. Among these, Table 5 is data of the 
photography optical system G1, and is completely the same as Table 1. Table 6 is data of finder 
eyepiece optical-system G2A in the 2nd example, and is different a little in Table 2. The 
adjustable range and Table 8 of a variable part of Table 7 are data of the aspheric surface. 
[0059] 
[Table 5] 
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Photography optical system 
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1 4 


CO O O A A A 

-Do. 28000 


1 . 14 0 00 




1 . 4 8 f 4 y 


1 U . 44 


1 5 


<« 1 C Q C A A 

-1 1. 53500 


A 1 A A A A 

0 . 10 0 0 0 








1 c 
1 0 


y . o y y u u 


1 q 7 A A A 




1 . 4 0 f 4 y 


7 fl 4 A 
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17 


100. 23100 


nj ^ 








18 


15. 31200 


1.16000 




1. 48749 


70. 44 


19 


149. 28900 


nj ^ 









[0060] 
[Table 6] 



Finder eyepiece optical system 





R 


D 




N d 


u d 


20 


0. 00000 


1. 03300 








21 


-19. 06200 


27. 00000 




1.49154 


57. 82 


22 


-14. 63300 


0. 50000 








23* 


20. 00000 


22. 00000 




1. 49154 


57. 82 


24* 


-27. 12500 


0. 50000 








25 


-30. 49400 


1. 77000 




1. 49154 


57. 82 


26* 


-29. 86800 


2. 25100 








27 


47. 51700 


1. 00000 




1. 49154 


57. 82 


28 


12. 50000 


15. 00000 








29 


0. 00000 




BI tin 







[0061] It sets to Table 5 and 6 as well as the case of Table 1 and 2, and is radius of curvature 
R= 0.00000. Radius-of-curvature R=infinity is meant and it is shown that the field concerned is a 
flat surface. Therefore, drawing S is a flat surface, moreover, the positive-lens group F1 of finder 
eyepiece optical-system G2A — most — lens L10A by the side of the real image surface — the 
21st page by the side of the real image surface is most made into concave at the body side In 
Table 5, the spacing with the optical surface next to the 6th page which made Spacing D 
"adjustable", the 17th page, and the 19th page can be changed in the range of Table 7 between 
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the wide angle edge WIDE the middle focal distance MEAN - a tele edge TELE, the focal 
distance of the photography optical system G1 shown in Table 7 — the wide angle edge WIDE — 
5.20mm and the middle focal distance MEAN — 8.80mm and a tele edge TELE — 14.99mm it is . 
[0062] 
[Table 7] 



Adjustable range 





WIDE 




M E 


A N 


TELE 


6 


18.14 — 


7. 


76 


-~ 1.6 


17 


0.6 ~ 


5. 


31 — 13. 63 


19 


9. 36 — 


8. 


46 — 8.53 


MAM (mm) 


5. 20 — 


8. 


80. 


- 14.99 



[0063] In Table 5, it has the aspheric surface configuration defined by giving the parameter 
shown in Table 8 to the formula of the aspheric surface of a-one number, respectively about the 
5th page which gave "*" to the field number and showed that the field concerned was the 
aspheric surface, an octavus side, the 23rd page, the 24th page, and the 26th page, namely, the 
26th page which is a field by the side of the pupil surface of positive meniscus lens L12A by the 
side of the body which constitutes both sides (the 23rd page, the 24th page) of heavy-gage 
convex lens L11A by the side of the pupil surface of the positive-lens group F1 of finder 
eyepiece optical-system G2A, and negative-lens group F2A — the aspheric surface — carrying 
out — much more — aberration — good — an amendment — it is made like 
[0064] 
[Table 8] 



Aspheric surface 





K 


A 4 


A 6 


A 8 


A 1 0 


5 


1.31712 


1. 61887E-04 


-5. 24932E-06 


4. 02803E-07 


-9. 24138E-09 


8 


-0. 73713 


-6. 46089E-06 


-3. 23545E-07 


4. 89215E-08 




23 


0. 


-5. 81935E-05 


-8. 43464E-08 






24 


0. 


-8. 46959E-05 


9.01600E-07 






26 


0. 


1. 46280E-06 


1. 57511E-08 







{0065] The aberration view in the example of **** 2 is shown in drawing 9 - drawing 1 1 . The 
aberration view in which, as for drawing 9 , photography optical system shows [ the half-field 
angle omega ] each aberration of the spherical aberration at the time of being 27.3 degrees, 
astigmatism, and distortion aberration at the wide angle edge WIDE, and drawing 10 The 
aberration view in which photography optical system shows each aberration of spherical 
aberration in case the half-field angle omega is 1 6.5 degrees with the middle focal distance 
MEAN, astigmatism, and distortion aberration, and drawing 1 1 Photography optical system is the 
aberration view in which the half-field angle omega shows each aberration of the spherical 
aberration at the time of being 9.8 **, astigmatism, and distortion aberration in a tele edge TELE. 
Also in any of drawing 9 - drawing 1 1 , it turns out that aberration is amended good. The lens 
data in the 3rd example which is an example concerning the gestalt of the 3rd operation shown 
in drawing 4 are shown in Table 9-12. Among these, Table 9 is data of the photography optical 
system G1, and is completely the same as Table 1. Table 10 is data of finder eyepiece optical- 
system G2B in the 3rd example, and is different a little in Table 2. The adjustable range and 
Table 12 of a variable part of Table 1 1 are data of the aspheric surface. 
{0066] 
[Table 9] 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



2003/10/06 



14/19 



Photography optical system 
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[0067] 
[Table 10] 



Finder eyepiece optical system 
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[0068] It sets to Table 9 and 10 as well as the case of Table 1 and 2, and is radius of curvature 
R= 0.00000. Radius-of-curvature R=infinity is meant and it is shown that the field concerned is a 
flat surface. Therefore, drawing S is a flat surface. In Table 9, the spacing with the optical 
surface next to the 6th page which made Spacing D "adjustable", the 17th page, and the 19th 
page can be changed in the range of Table 1 1 between the wide angle edge WIDE the middle 
focal distance MEAN - a tele edge TELE, the focal distance of the photography optical system 
G1 shown in Table 11 — the wide angle edge WIDE — 5.20mm and the middle focal distance 
MEAN — 8.80mm and a tele edge TELE — 14.99mm it is . 
[0069] 
[Table 11] 
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Adjustable range 
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[0070] In Table 9 and 10, it has the aspheric surface configuration defined by giving the 
parameter shown in Table 12 to the formula of the aspheric surface of a-one number, 
respectively about the 5th page which gave "*" to the field number and showed that the field 
concerned was the aspheric surface, an octavus side, the 23rd page, and the 24th page, namely, 
both sides (the 23rd page, the 24th page) of heavy-gage convex lens L1 1 A by the side of the 
pupil surface of positive-lens group F1A of finder eyepiece optical-system G2B — the aspheric 
surface — carrying out — aberration — good — an amendment — it is made like 
[0071] 
[Table 12] 
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[0072] The aberration view in this example is shown in drawing 12 - drawing 14 . Among these, 
the aberration view in which, as for drawing 12 , photography optical system shows [ the half- 
field angle omega ] each aberration of the spherical aberration at the time of being 27.3 degrees, 
astigmatism, and distortion aberration at the wide angle edge WIDE and drawing 13 The 
aberration view in which photography optical system shows each aberration of spherical 
aberration in case the half-field angle omega is 16.5 degrees with the middle focal distance 
MEAN, astigmatism, and distortion aberration, and drawing 14 Photography optical system is the 
aberration view in which the half-field angle omega shows each aberration of the spherical 
aberration at the time of being 9.8 **, astigmatism, and distortion aberration in a tele edge TELE. 
Also in any of drawing 12 - drawing 14 , it turns out that aberration is amended good. The lens 
data in the 4th example which is an example concerning the gestalt of the 4th operation shown 
in drawing 5 are shown in Table 13-16. Among these, Table 13 is data of the photography 
optical system G1, and is completely the same as Table 1. Table 14 is data of finder eyepiece 
optical-system G2C in the 4th example, and is different a little in Table 2. The adjustable range 
and Table 16 of a variable part of Table 15 are data of the aspheric surface. 
[0073] 
[Table 13] 
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Photography optical system 
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[0074] 
[Table 14] 



Finder eyepiece optical system 
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[0075] It sets to Table 13 and 14 as well as the case of Table 1 and 2, and is radius of curvature 
R= 0.00000. Radius-of-curvature R=infinity is meant and it is shown that the field concerned is a 
flat surface. Therefore, drawing S is a flat surface. In Table 13, the spacing with the optical 
surface next to the 6th page which made Spacing D "adjustable", the 17th page, and the 19th 
page can be changed in the range of Table 15 between the wide angle edge WIDE the middle 
focal distance MEAN - a tele edge TELE, the focal distance of the photography optical system 
G1 shown in Table 15 — the wide angle edge WIDE — 5.20mm and the middle focal distance 
MEAN — 8.80mm and a tele edge TELE — 14.99mm it is . 
[0076] 
[Table 15] 
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Adjustable range 



36 # 


WIDE 




M E 


A N 


TELE 


6 


18.14 — 


7. 


76 


1 . 6 


17 


0 . 6 


5. 


31 


- 13.63 


19 


9.36 


8. 


46 


8.53 


^ H (ram) 


5. 20 — 


8. 


80 


- 14. 99 



[0077] In Table 13 and 14, it has the aspheric surface configuration defined by .giving the 
parameter shown in Table 1 6 to the formula of the aspheric surface of a-one number, 
respectively about the 5th page which gave "*" to the field number and showed that the field 
concerned was the aspheric surface, an octavus side, the 23rd page, the 24th page, and the 25th 
page, namely, the 25th page which is a field by the side of the body of negative meniscus lens 
L12C which constitutes both sides (the 23rd page, the 24th page) of heavy-gage convex lens 
L11A by the side of the pupil surface of positive-lens group F1A of finder eyepiece optical- 
system G2C, and negative-lens group F2C — the aspheric surface — carrying out — much 
more — aberration — good — an amendment — it is made like 
[0078] 
[Table 16] 
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[0079] The aberration view in the 4th example is shown in drawing 15 - drawing 17 . The 
aberration view in which, as for drawing 15 , photography optical system shows [ the half-field 
angle omega ] each aberration of the spherical aberration at the time of being 27.3 degrees, 
astigmatism, and distortion aberration at the wide angle edge WIDE, and drawing 16 The 
aberration view in which photography optical system shows each aberration of spherical 
aberration in case the half-field angle omega is 16.5 degrees with the middle focal distance 
MEAN, astigmatism, and distortion aberration, and drawing 17 Photography optical system is the 
aberration view in which the half-field angle omega shows each aberration of the spherical 
aberration at the time of being 9.8 **, astigmatism, and distortion aberration in a tele edge TELE. 
Also in any of drawing 15 - drawing 17 , it turns out that aberration is amended good. The overall 
length of the finder eyepiece optical system G2 in the 1 st - the 4th example which were 
mentioned above, and G2 A-G2C, and the photography optical system in each show the wide 
angle edge WIDE, the middle focal distance MEAN, and the finder scale factor (image scale 
factor) of a tele edge TELE in Table 17. 
[0080] 
[Table 17] 
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[0081] According to Table 17, even if it uses the short photography optical system of a focal 
distance, and photography optical system is moreover in which situation of the wide angle edge 
WIDE, the middle focal distance MEAN, and a tele edge TELE considering the overall length of 
the finder eyepiece optical system G2 and G2 A-G2C as sufficient length for image reversal, it 
turns out that the high finder scale factor has been obtained. The finder eyepiece optical system 
combined with the short photography optical system of a focal distance can be devised, a high 
finder scale factor can be secured, and it can carry out [ in / TTL finder optical system / as 
mentioned above ] as / lengthen / the true length for image reversal / moreover ]. 
[0082] Moreover, the finder eyepiece optical system G2 and G2 A-G2C are constituted from a 
positive-lens group F1, F1A and the negative-lens group F2, and F2 A-F2C. The positive-lens 
group F1 and F1 A are constituted from combination of one or more positive lenses or a positive 
lens, and a negative lens. The lens side near the real image surface of this positive-lens group 
can be made into a concave surface at a body side, and it can consider as the TTL finder optical 
system by which aberration amendment was appropriately carried out as constituted the 
negative-lens group F2 and F2 A-F2C from the combination or the single negative lens of a 
positive lens and a negative lens. 

[0083] It can consider as the TTL finder optical system with which much more good aberration 
amendment was given further again by using an aspheric lens for the positive-lens group F1, F1A 
and negative-lens group F2A, and F2C. Moreover, while fully separating an exit-pupil position 
from the image surface and securing a back focus long enough, even if it is bright at a high field 
angle and uses the photography optical system which makes it possible to obtain a big variable 
power ratio, a high finder scale factor is securable. 
[0084] 

[Effect of the Invention] In the TTL finder optical system which carries out direct observation of 
the real image which was described above, and which carried out image formation with 
photography optical system like according to the claim 1 of this invention The finder eyepiece 
optical system arranged between the real-image image formation sides and pupil surfaces by the 
aforementioned photography optical system It constitutes from the positive-lens group and 
negative-lens group which consist of one or more lenses, respectively. By constituting the lens 
near [ by the aforementioned photography optical system of the one or more lenses which 
constitute the aforementioned positive-lens group ] the real-image image formation side from a 
lens which has the lens side of concave in a body side Even if the focal distance of the 
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photography optical system as an objective lens is short and an image reversal system exists in 
the optical path of the finder eyepiece optical system between a real-image image formation side 
and a pupil surface, the TTL finder optical system which can obtain a high finder scale factor 
with a low manufacturing cost can be offered. 

[0085] the composition whose positive-lens group of finder eyepiece optical system contains the 
lens which formed the 1st [ at least ] page in the aspheric surface according to the TTL finder 
optical system of the claim 2 of this invention — especially — suitable — an aberration 
amendment — things become possible According to the TTL finder optical system of the claim 3 
of this invention, aberration can be especially lessened with a low manufacturing cost by 
constituting the negative-lens group of finder eyepiece optical system only from a negative lens 
of one sheet. 

[0086] According to the TTL finder optical system of the claim 4 of this invention, the negative- 
lens group of finder eyepiece optical system becomes possible [ realizing much more good 
aberration amendment ] by composition considered as the composition containing the negative 
lens which formed the 1st [ at least ] page in the aspheric surface, the composition containing at 
least one lens with which according to the TTL finder optical system of the claim 5 of this 
invention the negative-lens group of finder eyepiece optical system makes it move in the 
direction of an optical axis, and amends a finder diopter — especially easy composition — 
suitable — a finder diopter — an amendment — things are made 

[0087] According to the TTL finder optical system of the claim 6 of this invention, photography 
optical system The 1st group optical system which has negative refractive power one by one 
toward an image side from a body side, While forming drawing which arranges the 3rd group 
optical system which has the 2nd group optical system and the positive refractive power which 
have positive refractive power, and moves to the body side of the above-mentioned 2nd group 
optical system at the 2nd group optical system and one at the time of zooming By the 1st group 
optical system's moving an optical-axis top to an image side first, and reversing the move 
direction to a body side on the way on the occasion of zooming from a wide angle edge to a tele 
edge an image side — the convex arc of a convex — moving — change of a focal position — 
amending — the 2nd group optical system — an optical-axis top — a body side — monotonous 
— moving — variable power — carrying out — the [ and ] — 3 group optical system By moving 
an optical-axis top to a body side first, and reversing the move direction to an image side on the 
way It moves to the convex arc of a convex and variable power is performed to a body side, the 
focal distance of the Mth group optical system (M=1-3) fM, It is bfW about the distance of the 
last lens side of the 3rd group optical system and the image surface in a wide angle edge. These 
are condition: (1) when carrying out. 2.4<|f1 |/fW <2.6 (f1 <0) [ in / fW and a wide angle edge / 
for the synthetic focal distance of the whole system ] 

(2) f3 /fW <6.8 (f3 >0) 

(3) 0.37<f2 /f3 <0.41 (f2 >0,f3 >0) 

(4) 1 .75<bfW / fW While fully being able to separate an exit-pupil position from the image surface 
and being able to secure a back focus long enough as photography optical system by 
composition containing the zoom optical system to satisfy, even if it is bright at a high field angle 
and uses the optical system of a big variable power ratio, a high finder scale factor is securable. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by th use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the optical-system plot plan showing typically the arrangement composition of 
the optical system of the TTL finder optical system concerning the gestalt of operation of the 
1st of this invention. 

[Drawing 2] It is the perspective diagram showing typically the composition of the important 
section in the state where the TTL finder optical system of drawing 1 was actually built into the 
camera. 

[Drawing 3] It is the optical-system plot plan showing typically the arrangement composition of 
the optical system of the TTL finder optical system concerning the gestalt of operation of the 
2nd of this invention. 

[Drawing 4] It is the optical-system plot plan showing typically the arrangement composition of 
the optical system of the TTL finder optical system concerning the gestalt of operation of the 
3rd of this invention. 

[Drawing 5] It is the optical-system plot plan showing typically the arrangement composition of 
the optical system of the TTL finder optical system concerning the gestalt of operation of the 
4th of this invention. 

[Drawing 6] It is the aberration view showing the spherical aberration in the wide angle edge 
concerning the 1st example of the TTL finder optical system of drawing 1 , astigmatism, and 
distortion aberration. 

[Drawing 7] It is the aberration view showing the spherical aberration in the middle focal distance 
concerning the 1st example of the TTL finder optical system of drawing 1 , astigmatism, and 
distortion aberration. 

[Drawing 8] It is the aberration view showing the spherical aberration in the tele edge concerning 
the 1st example of the TTL finder optical system of drawing 1 , astigmatism, and distortion 
aberration. 

[Drawing 9] It is the aberration view showing the spherical aberration in the wide angle edge 
concerning the 2nd example of the TTL finder optical system of drawing 3 , astigmatism, and 
distortion aberration. 

[Drawing 10] It is the aberration view showing the spherical aberration in the middle focal 
distance concerning the 2nd example of the TTL finder optical system of drawing 3 , 
astigmatism, and distortion aberration. 

[Drawing 1 1] It is the aberration view showing the spherical aberration in the tele edge 
concerning the 2nd example of the TTL finder optical system of drawing 3 , astigmatism, and 
distortion aberration. 

[Drawing 12] It is the aberration view showing the spherical aberration in the wide angle edge 
concerning the 3rd example of the TTL finder optical system of drawing 4 , astigmatism, and 
distortion aberration. 

[Drawing 13] It is the aberration view showing the spherical aberration in the middle focal 
distance concerning the 3rd example of the TTL finder optical system of drawing 4 , astigmatism, 
and distortion aberration. 

[Drawing 14] It is the aberration view showing the spherical aberration in the tele edge 
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concerning the 3rd example of the TTL finder optical system of drawing 4 , astigmatism, and 
distortion aberration. 

[Drawing 15] It is the aberration view showing the spherical aberration in the wide angle edge 
concerning the 4th example of the TTL finder optical system of drawing 5 , astigmatism, and 
distortion aberration. 

[Drawing 1 6] It is the aberration view showing the spherical aberration in the middle focal 
distance concerning the 4th example of the TTL finder optical system of drawing 5 , astigmatism, 
and distortion aberration. 

[Drawing 17] It is the aberration view showing the spherical aberration in the tele edge 

concerning the 4th example of the TTL finder optical system of drawing 5 , astigmatism, and 

distortion aberration. 

[Description of Notations] 

G1 Photography optical system 

G2, G2A, G2B, G2C Finder eyepiece optical system 

T1 The 1st lens group 

T2 The 2nd lens group 

T3 The 3rd lens group 

F1, F1A Positive-lens group 

F2, F2A, F2B, F2C Negative-lens group 

L1-L13, L10A, L11A, L12A, L12B, L12C Lens 

RM Optical faculty material 



[Translation done.] 
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ternational Association : POtP*- 

a»»C«£ofc I C*- KffeSPCA - Yifi— m\z 

<ooo3] rcoa^^^yu^^ y\z\t^ mmy** 



4 co 5 *>«?V>-fn*» 1 «lc|E«coTT L 77-f 
©Stf***-*-** 3 U 

jeawia* 6aa*-©x- 5 >tr\zm u * 1 

^SfitSrfcliJ:!), ffe{M(wdb©Ci!flI*t(w^i&UT^ 

fls«r*TV\ ^M^*fs (m= 1 ~3) <Dm&mm*i 

b f , rixt,*s*ft : 

(fi <0) 
( f 3 > 0) 

( f 2 > 0, f 3 > 0) 
7 (-111/71^^^7*^7) cOsKx-f — *3«fcr/3fc3£5& 
^^-uyXv-t?^=>^ r-#^ 7K*i=i1- 

5 JfctSl$/h§!<0 «!fc5„ — fefeCD, ^!lx«*3 

5mmffiJ|7^>'WA5r^ffl-r5. V ^t$> 5 3 5 mm U ^X > 
t7^*^7fO=V/<^ h*^ 7-^—811/7 ? y* 

yizts\,ixi>&mmjb&m^\ &iz.i-£. = v<7 

h*^ 7{'t.X-AU>Xcoi 5> ^c^. *S§g|pra^co 
«ifuvXSr^#i-5J:5K:LfcO. ^?>Jctt, ^co^ 
ffftfc (X-Atfc) &it:*:Lfc»>i-«£fciWTto*tT^ 

[0 0 0 4] kzzx\ &m** yizm^tizyy^ 

l:ft5*K7 7^>/y^rAtt, »Ki*¥*iL 
Tig jgft^* Sr^ffii" 5 T T L 755SO TTL7r-{yf 

3**tt. ^it> t«^#co||{££CCD«?£fflWc@# 
SlfeSSS^ cD^Tfeffi^ 7 ^ /U A ItXt S ^ VX 

IktifrbXbZ,. rOi?/iTTL7 7'f>-^*fS 

niss<oift£ifei:iiP?©7T-i >yfc&mm-t?>z.}: 

^fb. Htf -f X ^ 7-^t'ft* > 7©7 7-<> 



(3) 



¥fffl¥-l 1-6 4 7 4 



^> * t- a \z&m-v h 5 . 

[0 0 0 5] *M7r-f>y^fA©«0-«(iJii 
#gf§¥5 - 3 4 118 7-^$giC7r<£*i,-C^-5„ ~ 
HJF5-3 4 1 1 8 7-§-^®l^^$tt/cH^S;7 r ^> 
^{*. r*|c!EOJS^£#o*t#>w^;X£gSgu^X 

±IE*t4& u >XK i !? ±E» 4m t JhlE&Bg U^Xt© 
SSI'S ± pCHS/jfc^it, ±E*2Wfir*fl:«36»?,8EIIR« 

[0 0 0 6] _hSE4#HS3F5 - 3 4 1 1 8 7#^«ICtt, 

•5 fc «> © 7" y X A Srffl v n fc&^lE^ *5 J: OtgE IB v- I'X # 

jE<£>® #f 73 L, X V ^ „ 
[0 0 0 7] 

r i j testa-fcifiv^r-r ^^«*sr#5r £a*as l 

V\ L^Uii'f), ±j£Lfc#gB¥5- 3 4 1 1 8 7f 

[0 0 0 8]'^*). TTL77^V^fSWH 

r^r-O-ySliTfe^mj ir#LT^5„ TTL 
77^ >*Ofc**fc*iVvr. J*j6ffi«©«V*iMg#S£3K 

fc«>fci*, 77^ >^*i»3t¥*oj»^iffi«fcffi<i-* 
Kis. 77-f v^ai3t^<on*Srft< Lfcrmraffc 

[0 0 0 9] *r-e, #$S3l§#Ht, ftl:SIf9-13 
7 5 7 7-5§-£ LT< »fg#9S»KJ:oT8{fcLfc5Sffc* 
igiSt5TTL77-0-^3t^T'fcoT, SfFlEa 



^t5TTL77^ >*%3a**ii3ISUfc. 
[0 0 10] ;OTTL77-fymilt Mmi<-> 

>X|$<£> p *>oWIEHtfe^ife® fi^© w ^X£;f| u >-X 
[0 0 11] ±»Lfc*«H;UK*T*$;h,jfc 

^{S^Kifa^. FT#5:i#T^5TTL77^f^ 

TTL77-Om^?rattt5ri:i:fc5„ *359i 
3 ft tt, {&v>pjg=^ h-eiR|gcOd? 

*^TTL77-< >mf^ittt5itl:&§„ 
[0 0 12] **M©HI*«4©g6«jH:, — m&MtaW. 

[0013] *^BjcDft*^5cDew<i. tam/f 

7 x-f >^S^iIt#5TTL77-f 

&3e»fw« L-c^tcftv^ 2/ ^ 7 # ^ *m&-r a 

ft5TTL77-omSSrSftnril:J,5. 
[0 0 14] 

W:fii5TTL77'f^***tt. -ka5LfcB«j«r« 
IWt5TTL77'f^m*tJboT ) ffiKfUgft 

[0 0 15] »*3S2^E«tUfc**Mfc«5TTL7 

kZ&'&k L,rv^S 0 if*^3{ciE«Lfc*%0JI;^5 
TTL77-f>mm 7 7-fV^lgft^rot 
u>X#3\ ltt©Au>Xo*x?*fifcL*:C.i:Sr#« 
irUTV^^ ^1 ff*^4(C|S«L.7t^^Ji^5TTL7 
x-Y>^#^«. 77-f >^iI*^fi0ftu>X?* 



(4) 



&ffl¥- 11-64744 



5TTL77'f>m*li> 7r-f v^8SIB3t^*0 

[0 0 16] W*^6fclS«lU*:*3BMfcfli5TTL7 

#t7J SrW-f 5 * 2 *3 i !>'iE Offl 5t73 «r*i" 5 * 

3*3t#S5*EU ±IE»2»3t^*©4fe#«^, X- 

s ^^mcm2mtft^t— mz&sh-rz&vzmfz 

(1) 2. 4 < I f , | /£ , < 2. 6 

(2) f 3 /f » < 6 . 8 

(3) 0. 37<f 2 /f 3 <0. 41 

(4) 1 . 75<bf,/f, 

[0 0 17] 

[f^ffl] *%i©!S*JSll:i5TTL77 

5IEU>Xi¥t^u^XPi:T«J5£L, iWEjEH'XW 
iSHifeMtfeSfi^^^X*, !^ft(fflUriu]©u>XS5 

[0 0 18] *^0JOlf*^2 IZ i5TT L >^ 
< th lffi*r*3*ffi»-»J*Ufcu>XSr$tf c :©ij 
#-5„ *^^©l*f3ia5TTL77^>^fI 

[0 0 1 9] *!8W©ff*JS4ICj:5TTL77'(' >^ 

(1) 2. 4< I f , | / i „ < 2. 6 

(2) f 3 / f , < 6. 8 (f 3 

(3) 0. 37<f 2 /{ 3 <0. 41 

(4) 1 . 75<bf,/{, 
&»J£i-5X- A jfc^S 

[0 0 2 1] rcij/iMCit), »?ia 



lS0*ft#«^S<E-f 5 r ir let 9 , IfetHKuSi <0£i3I«tc: 

»»UT«ffif«r<fv\ fBM#3te#5R (M=l~3) ©Jfc 

» . i£fl*aiwi8«-5J(S3*3fe#*«)*j|*uvXffii:lkffi 

(f, <0) 
(f 3 >0) 

( f 2 > 0, f 3 > 0) 

39*^118 6. *lPJ©f|*f 5lci5TTL 
£ 1> ltfctouv'X^tf. rcO± 5*«fiKfwJ: 
[0 0 2 0] ^^(DfS*J® 6^i-5TTL7T'f 

*#fld*»e>4k«^iRi!6»oTiis 

fc* 2 £ -#l:#»t^iK 9 SrKtt 5 £ £ fc 

SS*tt3te«ftJb££-ftfefl!l~»»U J*«fC»»*lPlS:4fe 

flMRK¥Wfc»» LTSflSSrfrVV *LTJS3»*** 

T««F«:ffV\ #M#ft3e* (M=l~3) 0*Rj£E|B 

a«i-*s w 3 njt^x®** u >xa k&mtcom 

§t*b f , £-T5£#. : 

(f, <0) 
> 0) 

( f , > 0, f 3 > 0) 

[0 0 2 2] 

i^m^mmconmi hit. mj&<Dmmzm<5% , mm 
w-f- -5,, mi &£tim2iL *&m<r>%\<o*m<Dj&m 

S.Hlfi. TTL77^ymioMr«SSi: 



(5) 
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tO 0 2 3] KT^fftWfcfc^TttJB-f-SE^w, R , 
D. N dioiLK v d W\ 

r : yt¥m<omm*& 

Nd : uvXOjtWROJBKr* 
v d : u^X©3t^*t»©T5"<* 

[0 0 2 4] r©*J6©?gffl|-Ctt, £>.££lH<0*ivHftj|g 
*tTTL77^>mill. IMfSGlfeiOt 

^ ^?/^:^^wIDE^i|^:^$i^Tv^5 t^w^ii^^UTVN 

So 

[0 0 2 5] »##9S*Gltt, i"* *>*>*{*: 

*ft=(l) 2. 4 < I f , |/f f <2. 

*fl=(2) f 3 /f » < 6 . 8 

3M$(3) 0. 37<f 2 /f 3 <0. 4 

j£#(4) 1 . 75<bf,/f, 

[0028] s3H*(i) &Rfr/h3Msu 
KflBE-f-sfc*, mi i/yx»Ti<o«,«Eif, 

T iro*<Offl$f^j^5S<*t)i-#*, \s>X£3fttO/bmtk 

#*L</jtV\, ifc. *«=(1) «JbPS£jg;L3i:, iRM 

*5. *fl=(2) tt, 13 u->X-i¥T3WIE(DSff^^« 
SiJ1--5^T-fet), _L PS £jg ^3u^Xi¥T3 

[0 0 2 9] *#(3) tt, *!-iE<0®5r;fj££fO|f|2 U 
>X#T 2*S<fctfgS3 u-^XpT 3©JE»r*©E4J-Sra 
ffltS^T-S,!). JB2 u>XWT2*Sit/*3u>X 

(3) ©TH*»THt. m3 U^XmT 3<Dmifit)frJF7E 

•9, 13 u>XS¥T 3 <DS#r;/jiri#5>/c f2u> 
X#T 2 ©ffl^*S*HB*te*oT3*EiRa&asiMs 



>X»T1, *2»Jte3£3R-C&S»2 UVX#T 2*Si 
tflS3«*^*T?*>5j|$3 u>X»T3#E«£;h,-CV* 

X8T 2*5 3 U>X^T 3 li. I©I #f 

HR.«EBI*aE<k;$*5X— 5 >^tc^2 uvXST 2 

[0 0 2 6] Bl fc^f-j£^«i*»fca3t*«^<OX— S > 
^KIRU £ 1 u>X*T 1 It, '#*fc_hSr*-r tftfld'M* 

S!2u>X»T2li < 7fete±&%#:«iJ^mii{i#i!)UT 
SfflF&fi 1 ^, »3UVX»T3tt, ftttJbS: 

tt, X-S ^KKSLT, g2U>X»T2i-#ftl: 
»«rf5 0>-C, «9 Sl-i 9JB2 u^X»T2©»lb*s 

[0027] imu->xs cm=i~3) <DmM.mm* 

6 ( f , < 0) . 
( f 3 > 0) , 

1 ( f 2 > 0. f 3 > 0) , fcitj: 

[0 0 3 0] *fi=(3) v>±m&m%.z t. *3w/xjf 

T3©JB»tfJ:ft»as**<fc0, S2 1/VXST2CI 

*1 u>X»Tl©A©JH3r>jie.J:tfJ|S 
2 uvXST 2 0iEoa*f*Kjfir^a< tezmfa^b-S 

5r t^BJUw^S. ^1 UVXpT 1 3*fc©uv 
XL1, L2*3iO , L3ti^il 1 f 2 1/VXST2 
fi. 5#:<£>U>XL 4 , L5, L6, L7*5j;0*L8T' 
mtfZZiX. -tLT*3 U>-X»T3tt % lftOI/yXL 

[0 0 3 1] C C D«{fejfi^cD@#«te3^T-»J£1- 

5*^7tit ISuyXilTSot^i:, S^LT^ 



(6) 



ftmW-l 1 -6 4 7 4 



RM (@2#i) 4rR«\ «K***G10*3ll«r** 
i^RM^U7 7 ^ ^M***G2RH|<. S 

[0 0 3 2] 7r^^^»«***G2Mt, 3Eu>X» 
F I jail/* U^XWF 2**1-5. jEU>X»F1*3 
<tO'#^>XlF 2MU tftBS«^fe*ffi«fc|nl**oT, 

^»BI3te*XG2£#/£LTV^ 0 jEU^XWF 1 
ft jE<D*~x*>X U>X (^ —^^^ai/VX^^^ 

t>*L 11*. lkB«^6*ffi«fcrpl*»oTJIKftL 1 0. 
L 1 1 OjiI-egSgLTV^ 0 1 Oft £b®2ri£ 

fflOfcftftfcjEO;*-** U>XL 1 1 fit mfatoihlsZs 
XT* 5. 

[0 0 3 3] U>XL 1 Oft fe#fflijtf>$l® (IB 2 1 
S) *Qfl®<b tt^^ U>XL 1 1 ft pEJ® ($2 3 
WJ:c;i2 4®) **SBiLT^5o ***?RM 
(^Bi^l/yXL 1 Oft DDffi4:Lfe*lffiS:»flc«^ 
fpJttTPE«£*x5o ISOU>XL 1 0*5±t^L 1 1 
ft tecOf^tSrSe^^TIEitjE^iri-S t irfcfd^fcB 

[0 0 3 4] *U>-X*F 2ft 2tt©l/y/, t4fc 
IE coy uvXL 1 2 2o J; — *t>^ 

u>X (^ —^^[IQUvX&SW^tlif^ ODuyXi: 
»i"S#-&t*>5) L13T«$n, rtLbcOU>X 
L 1 2*3J:tfL 1 3*. teffi«a>feltffi«fclR]**oT« 
SL12, L 1 3<E>JKTBE«LTV^$ 0 U>XL12 
It IW^^l/yXT*)!), U>XL 1 3 te^<£> 

[0 0 3 5] tib*), 7x>f >^*BB#^SG2ft 

^oT, IE 1/ yX* F 1 -»* 1/ >X» F 2 OKI^EI t 

Il/yXgfF 1 &2ft(Dl/yXL lO^itfLl 1 t« 
j*U lix^Sl/yXL 1 0*3±1>*L 1 1 

[0 0 3 6] L*>L*#&, (tB«K*U^X»F 2 * 
EitLfcfc*, ]EU^X»F 1 <D3tj»JBSSrJS< 

5 C »##^XG 1 0#tmjtt*tt, Mffi^ffiM* 

T, 7r^^mR3fc$XG 2 0jEu>XpF 1 izioly 



U^X® ($2 1®) fctt#«fcffl]*LT* gfi^)7>{ 

[0 0 3 7] JRMttjEOfcfcfctt, Al/>X|¥F2*iE 
c^y ^^^7^, u>XL 1 2 t^O^^^^j^l/yXL 1 
3(02ft(OuyXTMU A»4iRiS*tjES:»riil>T 
Sfc, 1/yXL 12t u>XL 1 3 k<Dmm%:£; 
<iroT, 1/>XL 1 3&yt%Jjftiz&W}£ltZ>Zk\z 
i 0 7 r v/«fl[oiE*tf 5 i 1: 5 
l©Wfi©»»tt. W*9I1, 2, 5*3<tt>*6fc*tiSL 
TV^ 9 ) . H3Ht, *«M^JR2<^*ls'iC>«»fcfll5 

*5RE«BT*>«. 
[0 0 3 8] l3l:/TtTTL7 7^ym^lt HI 

1 ^io»^iG i *3±tfi2ii <dz7t<< is^mm 

%*£%G2 t«fTS4577^ >^»K**SG2 A 
SrAfllLTV^. J«Jj6¥»Gltt, «^#. 

l 1/yXSfTl, S2»*WJ>5»2i/yX8T2 
:fc±tf#3#3te*XT*>5#3 U^X»T 3^ffig$ix 

-cv^ e iiuyxgTiit fHommxtti,* $2 

1/>X8T 2 *5itff 3 U>X»T 3 tt, jEcOJ5JJt^* 
JB2 u>X»T2(0»flc«lcK*tfeiLfctt5 S 
it fcjftEB*:»fcS*SX— $ >#mz%2 i»>xm 

[0 0 3 9] $1 u>XmT 1 ft 3ft©UVXL 1 , 
L2*5itfL3-ClJ*Sil, *2uyX»T2fi, 5*fc 
©i/yXL4, L5, L6, L 7*5J:LKL 8T*«JEt£$ 
^ ^1X^31/^13^ lftO!/yXL9ti 
j***LT^6. $3 u>XWT3^6»a$*bS»«3t 
fSG 1 ^)ffi77^ ^^SfiB3t*»G2 A^SK. 
77^f ^^*II*:*»G 2 AMU ID 1 i: mm<0 jE u >X 
*F l isitfEll ©*i/yX»F 2 
yXgfF2A^t^o jEU^XSF l*5iC/*U>X 
B¥F2A*. «EWJ^«btt®{fflfCfpi^oT, iEl/yXS 
Fl, *uyX»F2A©HSl:EIU77>fy^8K 
^G2ASrff^LW5 c 

[0 0 4 0] jEU^Xff F 1 ft 2ft(Ol/VXL10fc 
itfL 1 1 Tfil/&£*V m??2ft(OuyXL 1 O&J; 
tfL 1 1 £\ IftSiW^fettffiffilll-fpI^oTJIRacL 1 0, 
L 1 1 (Oj|TieiLTV^ 0 U-yXL 1 O&JctfL 1 1 
ft IE coy u >Xio J:e>*^^]cO{£hu>XT^ 

6 e l/yXL10lt 1 B5 ($2 1®) SrflQ 

®<bLT*59, u>XL 1 1 tepS]® ($2 3®33£tfffl 

2 4®) ^Mari^c *uyX8F2Ait 2 

feOUVXL 1 2 A*3±tKL 1 3 AT*m&£tl. ^*hh 
ouyXL 1 2 A*3±tfL 1 3A£, fe®fiS^feS®(i!l 
(Cfpj^orMUfcL 1 2 A, L 1 3 AOflgTEBLTV^ 

5c 

[00 4 1] 1/yXL 1 2 Aft IEOy — ^^7^ U>X 



5 0 V3»m<DJE<D*-X*)Xl'>XL 1 2A^)I1S{|IJC0 

1 (^2 6S) Sr^SSffii: LTV>5 0 u>XL12Ai 

3At^P^i^< tot, U>XL13A 

JE&fto^k&X'ZZo Col2^Wiit It 
2. 4, 5ft<fct/6^j£LTV^ 0 ) H]4 

<DM§£3t^ G 1 jo J: tfH 3 <£> 7 r >f > ^«R#*» G 

2 At tem=Fmte >vmm^m g 2 b 

X#T1. $2i¥^mT*fc£$2 U->X#T 2*3it>* 

[0 0 4 2] $1 i/>X8Tltt, *OJBW*Sr*U, 
12 U^X^T 2*3<fct>*$3 U>X^T 3 VZJE&mVx'fi 
Jt^-tZo $2 u>X*T2 0»<*:«IK:Rlt6>*L*itt5 

8T2i-#»l:»»t5. JSli/yX8Tlf4, 3ft 

L2*3i^L3TilS*^ 
i¥T2tt. 5ftOU>XL4, L5, L6, L7feJ:0' 
L8T*^, *LT*3 U^X»T3f*l*©U> 
XL 9T«J5K^iXTV>5o «3i/y/«fT3*^»US 
Jx*lM5***G 1 <D%^-7r^ >^«B***G 2 
BRl»<. 

[0 0 4 3] 7;>f ^SfKft**G2BB, Bl©E 
U^XWfctt^TRttSjEU^XWF 1 AftJH/[U3 <£> 
*U>XSF 2Atli«fS45«l/yX»F 2BM 
-T$ 0 3EU^»F 1 A*5itf*l/>X*F 2 B ffe 

X»F 2 BOHH^iSBUT^r^ V^ffiIB#;^»"G 2 B 
£:1fffi5cL-C^>5 e ]EU>X»FlA«t, 2ftOl/yXL 
lOAioiO'LllAt^^ti, ^thh 2ftcou>X 
L 1 OAftitfL 1 1 ASr. *ffifld* s felltffi«fc|Rl^o 
TflSftL 1 0 A, L 1 1 Atf>MIl?IHgLTV>£ 0 
[0 0 4 4] U>XL10AfcJ:tfLl lAli*l:ffi 

<£>u>x-e&5 0 ^>xl i o a«, mvtwkomi se 

^^i/yXtfc^ uyXLi 1AH MB ($2 31 
ft±t>'$2 4®) S:*3*SCiffii: Lfcdb U vXTfc 5 C 
Ai/yX8F2Bil lftouyX (A^^^^u 
>Xfe-5V>B^^DDU^X^:^i-5g^^fc'5) L 1 2 
BO*T-*J5fc£ixTV*5 0 gU^XLl 2Btt, 

^^^^uyXtfeOo :^t©^^^^u>XL l 
2 B^^tt^f^lc^ift^^^ d t fcj; 9 7 r J 

(DffiiE&ftv t&vz Oo :^)^?, ^iu>x^ 
< T*S£f 4r^5*JjSd s *Sc - tf>$ 3 <DmM<nMm±. 
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IS*gl, 2, 3, 5:teJ:tf 6fc*tJfcLTVN5 P 
[0 0 4 5] H5I4, *&W<On4<D^M<DMmiZ&Z> 
T T L 7 7 4 >^***OS9BO«^Sr«tS;W^*i-* 

tt, HI1 irlHI«<0»«jt^*G lj8i0tH4O77^.> 

G2Bt h:36t»** 77^ >vmmyt^ 

*G2C«rAflil,TV^ 0 j|f*^Gllt 

tf*»JSl U^XWTl, S2»mx^5l2l/y 
X*T 2*5i05*3»3fc**T*>5*3 U>X#T 3** 
Ba«<*HTV^5 0 »lu>X8Tltt, M<omifTJj£^ 
L-> I 2 U>X»T 2 ft ic;$ 3 U >X#T 3 IE<0 
^W^?r#i"5 0 JR2 lxvX*T2 0*#:«li:»lt?>tL 

u>X»T 2 0 
[0 0 4 6] Ill/yXSTlit 3ftOuyXLU 
L2*JitfL3Tf«S^ *2uyX»T2lt 5ft 
OU>XL4, L5, L6, L 7 ft ±tfL 8 T**/&£ 
it. *U$3l/>X8T3li, lft(Dl/yXL9t'i 
^^ntVN^ 0 13 U>X»T 3^&»fflS*t-5»«Jt 
^G 1 co^t^^y r-f ^SK3t*»G 2 Cfc:#< 0 
7 7^^ftill*^G2Clt EI4 irlUfltcOjEU^X 
8F 1 A*5±Uq24a>Alx>XSF 2 B 
fti/>XSF2CS:tt5. jEl/yXUFlAftj;^ 

>Xf¥FlA. *U>X*F2COil:SlLT7 7^ 
>^*ffi#^*G 2 C LTVN^ e 
[0 0 4 7] ]El/yX«FlAlt 2ttOl/yXL10 
Afti(/Ll 1AT«^, rix^ 2ftcou>XL 1 
0Aft£tfLl 1A^ fkaaflB3&*6«iBffil»Cia3&»oTlB 
»:L10A, L 1 1 AOJlH-CffiBbTV^ 0 1/>XL1 
OAftio'Li iAW(:f^i/yXTfc5 0 u>X 
L 1 OAft 4M*flJ<&5l5 1 B ($2 11) £4W*«fcQfl 

-5) U>XT*$>>3, U^XLllAlt ($2 3® 

ft£l>'$2 4®) Sr*«ffii£bmt LfcdbU>Xffc5. 

[0 0 4 8] ftuyXSF2Clt lftcO*coy^^^7 
^U>X ^^^^OQUV-Xfe^VM^^^QQU^X^ 
#i-5»-&fc*>5) L12C(0*T*«*ft^5 0 K 
l/>XL12C(l Z<D®oi£Moomim ($2 5®) Sr 
^Sc® LTl^5 e :^^)^-^*^l/>XL12C 
S:3t***fp]^»»S-frSr iric± 577^ >?$im<Offi 
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-1.00 0 1.00 



-5.00 0 5.00 



-1.00 0 1.00 



-1.00 0 1.00 -5.00 0 5.00 




-1.00 0 1.00 -1.00 0 1.00 -5.00 0 5.00 

mm& 



1 4] 



!1 3] 



co= 16.5* 
C d F 



o)= 9.8* 
C d F 





-1.00 0 1.00 -5.00 0 5.00 
3ftiR£ 



-1.00 0 1.00 -1.00 0 1.00 -5.00 0 5.00 

n&tm m&im 



[mi 5] 



oj = 27.3* 
C d F 



if 



-1.00 0 1.00 -1.00 0 1.00 -5.00 0 5.00 



(20) 



4#&fl¥l 1 - 6 4 7 4 4 



[mi 6] 



a)= 16-5° 
C d F 



r 



-1.00 0 1. DO -1-00 D 1.00 



5.00 0 5.00 



[017] 



o>= 9.8* 
C d F 



.00 0 1.00 



1.00 0 1.00 -5.00 0 5.00 



